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abstract: Two new species of oviparous gyrodactylideans are described from the external surface of Brazilian 
loricariid catfishes: Phanerothecium spinatus sp. n. from Hypostomuspunctatus (Valenciennes) from Rio Guandu, 
State of Rio de Janeiro; and Hyperopletes malmbergi gen. et sp. n. from Rhineloricaria sp. from Igarape Candiru, 
State of Amazonas. The monotypic Hyperopletes gen. n. is proposed for species having a seminal vesicle located 
within the copulatory sac, a second external seminal vesicle, and an eversible copulatory organ armed with 
spines. Cladistic analysis of the oviparous species, H. malmbergi sp. n., Nothogyrodaclylus amazonicus Kritsky 
and Boeger, 1991, N. clavatus Kritsky and Boeger, 1991, N. plaesiophallus Kritsky and Boeger, 1991, Ooegy- 
rodactylus farlowellae Harris, 1983, Phanerothecium caballeroi Kritsky and Thatcher, 1977, P. harrisi Kritsky 
and Boeger, 1991, and P. spinatus sp. n., and the viviparous Gyrodactylidae (considered a single monophyletic 
taxon), indicates that Ooegyrodactylidae Harris, 1983, is paraphyletic. Ooegyrodactylidae is rejected, and the 
genera Hyperopletes, Nothogyrodaclylus, Ooegyrodaclylus, and Phanerothecium are transferred to the Gyrodac¬ 
tylidae Van Beneden and Hesse, 1863. Synapomorphies supporting the new composition of the Gyrodactylidae 
are presence of (a) a muscular copulatory organ, (b) spike sensilla in the head organs, (c) an unciliated larva 
(oncomiracidium absent), (d) a deep bar associated with the deep roots of the anchor pair, (e) separate genital 
pores, (1) a massive Mehlis’ gland, (g) an amorphous cap on the egg filament, and absence of (h) a vagina and 
(i) eyes in the larva and adult. All oviparous genera received evolutionary support except the paraphyletic 
Nothogyrodaclylus. 
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During a survey of ectoparasites of Neotrop¬ 
ical freshwater fishes from the States of Ama¬ 
zonas and Rio de Janeiro in Brazil, 2 new species 
of oviparous Gyrodactylidea were recovered from 
armored catfishes (Loricariidae). In this article, 
these species are described, and Hyperopletes gen. 
n. is proposed to accommodate 1 of them. 

The Ooegyrodactylidae was proposed by Har¬ 
ris (1983) for oviparous Monogenoidea with close 
relationships to viviparous Gyrodactylidae. 
Monophyly of Harris’ family was challenged by 
Kritsky and Boeger (1991) because of the ap¬ 
parent absence of synapomorphic features, and 
Boeger and Kritsky (1993) tentatively considered 
the family a junior synonym of the Gyrodactyl¬ 
idae in their phylogenetic analysis of the Mono¬ 
genoidea. To evaluate the evolutionary status 
of this family, the phylogenetic relationships of 
oviparous gyrodactylid-like species and the Gy¬ 
rodactylidae (sensu stricto) are reconstructed us¬ 


ing methods of phylogenetic systematics. Results 
of this analysis are presented herein. 

Materials and Methods 

Rhineloricaria sp. were caught during February 1991 
by E.B.J. from the “igarape” Candiru, a small tributary 
of the Rio Puraquequara on Highway AM-010 near 
Manaus, Amazonas, Brazil. Hypostomus punctatus 
(Valenciennes) were captured during January 1991 from 
the Rio Guandu, Nova Igua^u County, State of Rio de 
Janeiro, Brazil, by a professional fisherman. Hosts were 
placed individually or pooled in a container containing 
a 1:4,000 formalin solution for removal of helminths 
according to procedures of Putz and Hoffman (1963). 
After 1 h, the vial was shaken vigorously, and formalin 
was added to increase concentration to 5%. Some spec¬ 
imens were mounted unstained in Gray and Wess’ me¬ 
dium for study of sclerotized structures. Other speci¬ 
mens w'ere stained with Gomori’s trichrome for 
determination of ntemal morphology. Illustrations 
were prepared with the aid of a camera lucida. Mea¬ 
surements, all in micrometers, were made according 
to procedures of Mizelle and Klucka (1953); the av- 
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erage is followed by the range and number ( n ) of struc¬ 
tures measured in parentheses. Type specimens were 
deposited in the helminthological collections of the 
Instituto Oswaldo Cruz (IOC), Rio de Janeiro; the Uni¬ 
versity of Nebraska State Museum (HWML), Lincoln; 
and the U.S. National Museum (USNM), Beltsville, 
Maryland. 

Transformation series used in the phylogenetic anal¬ 
ysis were defined from the literature and available spec¬ 
imens. Homologous series in which the apomorphic 
state represents an autapomorphy of a single ingroup 
taxon were not utilized. In group taxa included all spe¬ 
cies described in Hyperoplctes gen. n., Nothogyrodac- 
tylus Kritsky and Boeger, 1991, Oocgyrodactylus Har¬ 
ris, 1983, and Phanerothecium Kritsky and Thatcher, 
1977; the group of viviparous species traditionally 
comprising the Gyrodactylidae (sensu stricto) was also 
included as a single in group taxon. For this analysis, 
viviparity was considered the synapomorphy support¬ 
ing monophyly of the latter taxon; we assumed that 
viviparity developed only once in the evolutionary his¬ 
tory of the Gyrodactylidea. The Gyrodactylidae (sensu 
stricto) is represented in the analysis as the viviparous 
ancestor; the hypothetical ancestor, developed by out¬ 
group and functional outgroup comparison, represents 
the contrived ancestor of the ingroup (Table 1). 

An initial hypothesis on the evolutionary relation¬ 
ships of in group taxa was constructed using Hennigian 
argumentation (Hennig, 1966; Wiley, 1981); the to¬ 
pology of the cladogram was then subjected to PAUP 
(Phylogenetic Analysis Using Parsimony, Version 2.4.1; 
D. L. Swofford, Illinois Natural History Survey, Cham¬ 
paign) to confirm that it was a most-parsimonious tree. 
A total of 35 character states comprising 19 transfor¬ 
mation series was used in the analysis. Polarization of 
homologous series was determined by outgroup and 
functional outgroup analyses (Watrous and Wheeler, 
1981; Maddison, et al., 1984). The Anoplodiscidae, 
Bothitrematidae, and Tetraonchoididae were chosen 
as outgroups based on a previous reconstruction of the 
phylogeny of the Monogenoidea by Boeger and Kritsky 
(1993). The matrix is presented in Table 1. 


Results 

Taxonomic Account 
Monogenoidea Bychowsky, 1937 
Polyonchoinea Bychowsky, 1937 
Gyrodactylidea Bychowsky, 1937 
Gyrodactylidae Van Beneden and Hesse, 1863 
Phanerothecium spinatus sp. n. 

(Figs. 1-7) 

Host and locality: Hypostomus punctatus 
(Valenciennes), Loricariidae; Rio Guandu, Nova 
Iguagu, Rio de Janeiro, Brazil. 

Type specimens: Holotype, IOC 33051a; 30 
paratypes, IOC 3305 lb-k, USNM 82823, 
HWML 36346. 

Description: Body fusiform, 1,124 (775- 
1,410; n = 12) long; greatest width 175 (125— 


215; n = 13) near midlength; tegument smooth 
with 6 bilateral pairs of “sensory” pustules spaced 
along lateral margin from body midlength to dis¬ 
tal peduncle. Bilateral excretory pores at level of 
anterior pharyngeal bulb. Cephalic lobes well de¬ 
veloped; head organs conspicuous. Distal pha¬ 
ryngeal bulb 69 (60-80; n = 9) in diameter, prox¬ 
imal pharyngeal bulb 69 (63-85; n — 9) in 
diameter. Intestinal ceca terminating at level of 
posteriormost vitelline follicle. Testis subspher- 
ical, variable in size (depending on age of spec¬ 
imen), becoming inconspicuous in adult worms; 
proximal seminal vesicle with thick wall; distal 
seminal vesicle elongate; copulatory sac ovate; 
spines of copulatory organ numerous, minute. 
Germarium ovate, 70 (45-90; n = 8) long, 75 
(58-95; n = 8) wide; seminal receptacle sub- 
spherical. Uterine pore a transverse slit, with 
sphincterlike muscle. Uterus delicate, containing 
a maximum of 10 eggs; egg elongate ovate, 162 
(151-180; n = 6) long, 41 (34-55; n - 6) wide; 
filament moderately long; filament cap urn¬ 
shaped. Dextral pregermarial vitelline follicles 
absent. Peduncle elongate; haptor 87 (79-97; n 
= 9) long, 95 (86-1 10; n = 9) wide. Anchor 59 
(52-65; n = 16) long, with elongate superficial 
root, short angular deep root, slightly curved shaft, 
recurved point; base 25 (17-33; n = 14) wide. 
Superficial bar 48 (32-60; n = 13) long, plate 
like, with slightly enlarged ends; deep bar rod¬ 
shaped, variably bent. Hook with straight diag¬ 
onal shaft, erect thumb, slender proximally ta¬ 
pered shank; hooklet 6 (4-7; n = 23) long, shank 
29 (27-34; n = 23) long, domus Va shank length. 

Remarks: Phanerothecium spinatus sp. n. dif¬ 
fers from other congeneric species by having con¬ 
spicuous spines on the copulatory organ and 
lacking a keel on the shank of the hooks. The 
specific name is from Latin ( spinatus = spined) 
and refers to the presence of spines on the cop¬ 
ulatory organ. 

Hyperopletes gen. n. 

Diagnosis: Body divisible into cephalic re¬ 
gion, trunk, peduncle, haptor. Tegument thin, 
smooth. Cephalic lobes 2, terminal; each with 
spike sensilla, portion of head organ. Cephalic 
glands unicellular, in 2 bilateral groups postero¬ 
lateral, dorsal to level of pharynx. Eyes absent. 
Mouth ventral; pharynx comprising 2 tandem 
bulbs, proximal bulb glandular, distal bulb mus¬ 
cular with digitiform projections; intestinal ceca 
2, lacking diverticula, nonconfluent. Worms 
oviparous, protandrous. Gonads tandem, in- 
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Table 1. Character matrix used in the reconstruction of the evolutionary relationships of the Gyrodactylidae 
(sensu nobis). 


Homologous series* 

Taxon A 

B C D E 

F G 

H 

I 

J 

K 

L 

M 

N 

o 

P Q 

R 

S 

Ooegyrodactylus farlowellae 1 

10 11 

1 1 

0 

1 

2 

1 

n 



0 

1 9 

9 

9 

Phanerothecium caballeroi 1 

10 11 

1 1 

0 

1 

9 

1 

19 



mm 


9 

9 

P. harrisi 1 

10 11 

1 1 

0 

1 

1 

1 

11 



n 

1 9 

9 

9 

P. spinatus 1 

10 11 

1 1 

1 

1 

1 

1 

il 



0 

1 9 

9 

9 

Nothogyrodactylus davatus 1 

10 11 

1 0 

0 

0 

0 

1 

i 

1 

0 

1 

1 1 

1 

1 

N. amazonicus 1 

10 11 

1 0 

0 

0 

1 

1 

i 

1 

0 

0 

1 0 

0 

1 

N. plaesiophallus 1 

10 11 

1 0 

0 

0 

0 

1 

i 

1 

0 

1 

1 0 

1 

1 

Hyperopletes malmbergi 1 

10 11 

EMm 


m 

2 

1 

i 

1 

0 

0 

1 9 

9 

9 

Viviparous ancestor 1 

1111 

KX9 


n 

2 

2 

i 

9 

0 

0 

1 9 

9 

9 

Hypothetical ancestor 0 

0 0 0 0 

KB 


0 

0 

0 

0 

0 

0 

0 

0 0 

0 

0 


* Homologous series are presented in an order corresponding to that of the character analysis. 9 = missing data. 


tercecal; testis postgermarial. External seminal 
vesicle subspherical. Copulatory sac well de¬ 
fined, with eversible copulatory organ, internal 
seminal vesicle; copulatory organ armed with 
spines. Germarium submedian with internal 
seminal receptacle; ootype surrounded by large 
Mehlis’ gland; uterus with thin wall; uterine pore 
dextroventral at level of copulatory sac; vagina 
absent. Uterus containing a maximum of 1 egg; 
egg with single proximal filament; egg filament 
embedded in amorphous cap. Vitellaria com¬ 
prising numerous large, postgermarial follicles. 
Haptor ventrally concave, with pair of ventral 
anchors, superficial bar lacking shield, deep bar 
connecting to deep roots, 16 gyrodactylid hooks 
marginal; hooks with extrahamular distribution 
(Kritsky and Mizelle, 1968). Parasitic on external 
surface of loricariid fishes. 

Type species: Hyperopletes malmbergi sp. n. 

Remarks: Hyperopletes gen. n. is monotypic. 
Characters that distinguish this genus from other 
oviparous gyrodactylids are the combined pres¬ 
ence of (a) a spined copulatory organ, (b) a sem¬ 
inal vesicle lying within the copulatory sac, and 
(c) a second external seminal vesicle. Species of 
the host family Loricariidae are commonly re¬ 
ferred to as the “armored” catfishes; the name 
of the new genus is from Greek (hyper = above 
+ hopl/o = armor + — etes = one who) and has 
the intended meaning of “the one who dwells on 
armor.” 

Hyperopletes malmbergi sp. n. 

(Figs. 8-13) 

Host and locality: Rhineloricaria sp., Lor¬ 
icariidae; Igarape Candiru, a tributary of R i o Pu- 


raquequara, Highway AM-010, near Manaus, 
Amazonas, Brazil. 

Type specimens: Holotype, IOC 33050a; 27 
paratypes, IOC 33050b-1, USNM 82822, 
HWML 36347; 13 vouchers, HWML 36348. 

Description: Body robust, fusiform, 682 (460- 
870; n = 13) long; greatest width 143 (105-200; 
n = 15) near midlength. Cephalic lobes well de¬ 
veloped; head organs conspicuous. Distal pha¬ 
ryngeal bulb 66 (43-69; n = 10) in diameter; 
proximal pharyngeal bulb 74 (52-95; n = 9) in 
diameter. Testis subspherical, variable in size 
(depending on age of specimen), becoming in¬ 
conspicuous in adult worms; proximal seminal 
vesicle subspherical, delicate; copulatory sac pyr¬ 
iform; copulatory organ armed with 2 regions of 
numerous small rectangular spines. Germarium 
ovate, 57 (50-67; n = 6) long, 81 (68-102; n = 
6) wide, with internal seminal receptacle. Uterus 
delicate; uterine pore surrounded by weak 
sphincter; egg 145 (132-154; n = 4) long, 34 (32- 
38; n = 3) wide, elongate ovate; filament short, 
flared; filament cap subspherical to subovate. Vi¬ 
telline follicles extending from level of germar¬ 
ium posteriorly to peduncle. Peduncle short; 
haptor 141 (97-172; n = 17)long, 152(1 17-183; 
n = 16) wide. Anchor 81 (75-86; n = 21) long, 
with elongate robust superficial root, short deep 
root, straight shaft, recurved point; base 14(12— 
18; n = 16) wide. Superficial bar 21 (13-25; n = 
20) long, with slightly enlarged ends; deep bar 
rod-shaped, variably bent. Hook with straight 
shaft, short erect thumb, proximally tapered 
shank; hooklet 6 (4-7; n = 29) long, shank 32 
(29-35; n = 29); domus V b shank length. 

Remarks: Hyperopletes malmbergi sp. n. is the 
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Figures 1-7. Phanerothecium spinatus gen. et sp. n. 1. Holotype (ventral view). 2. Terminal ducts, seminal 
vesicles and copulatory sac of male reproductive system. 3. Hook. 4. Ventral view of young specimen. 5. Anchor/ 
bar complex (ventral view). 6. Egg. 7. Anchor. Figures are drawn to respective micrometer scales. 


type species of the genus. It is named for Dr. 
Goran Malmberg, Swedish Museum of Natural 
History, Stockholm University, a friend, in rec¬ 
ognition of his contributions in systematics of 
the Monogenoidea. 


Character Analysis 

Homologous series used in the analysis follow 
with comments on character evolution. Num¬ 
bers in parentheses preceding the definition of a 
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Figures 8-13. Hyperopletes malmbergi gen. et sp. n. 8. Holotype (ventral view). 9. Terminal portion of male 
reproductive system (copulatory organ is partially everted). 10. Hook. 11. Egg. 12. Anchor/bar complex (ventral 
view). 13. Young specimen (ventral view). Figures are drawn to respective scales. 


character state refer to the coding that state re¬ 
ceived in the data matrix (Table 1); bold numbers 
in brackets following the definition refer to re¬ 
spective evolutionary changes depicted in the 
cladogram (Fig. 15). 

A. Eyes. Plesiomorphy: (0) present. Apomor- 
phy: (1) absent [1]. 

B. Spike sensilla. Plesiomorphy: (0) absent. 
Apomorphy: (1) present [2], 

C. Mode of reproduction. Plesiomorphy: (0) 
oviparous. Apomorphy: (1) viviparous [24], 

D. Larva. Plesiomorphy: (0) oncomiracidium 
ciliated. Apomorphy: (1) Larva (oncomiraci¬ 
dium?) unciliated [3]. Species of Anoplodiscus 


have a ciliated oncomiracidium (Ogawa and 
Egusa, 1981). Although the nature of ciliation of 
the larvae/oncomiracidia of bothrtrematids and 
tetraonchoidids is unknown, ciliated larvae would 
be predicted for them based on the phylogenetic 
hypothesis for the Monogenoidea offered by Boe- 
ger and Kritsky (1993). 

E. Genital pore. Plesiomorphy: (0) common. 
Apomorphy: (1) male and female pores separate 

[4]. 

F. Copulatory organ. Plesiomorphy: (0) scler- 
otized. Apomorphy: (1) muscular [5]. 

G. Copulatory sac. Plesiomorphy: (0) absent. 
Apomorphies: (1) present [15]; (2) modified into 
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Figure 14. Schematic diagrams of terminal geni¬ 
talia of viviparous (A) and oviparous (B) Gyrodactyli- 
dea showing probable homologous structures. Abbre¬ 
viations: co = copulatory organ, cs = copulatory sac, p 
= prostate gland, r = prostatic reservior, sv = seminal 
vesicles. Figure 14A is modified from Kritsky (1971). 


muscular bulb [22], In the 3 Nothogyrodactylus 
species, Kritsky and Boeger (1991) describe the 
copulatory sac as poorly defined, although their 
drawings suggest that the extrusive copulatory 
organ does not lie within a sac. Thus, we assigned 
the plesiomorphic state to N. clavatus, N. plae- 
siophallus, and N. amazonicus. 

The “cirral bulb” of viviparous Gyrodactyli- 
dae apparently represents a modified copulatory 
sac. In these taxa, the bulb is muscular and has 
probably developed from the muscular wall of a 
plesiomorphic sac similar to that of Ooegyro- 
dactylus farlowellae (see fig. 28 in Kritsky and 
Boeger, 1991). The prostatic reservoir in vivip¬ 
arous taxa is enclosed within the bulb (Kritsky, 
1971) and is probably homologous to the lumen 
of the sac containing prostatic secretions in spe¬ 
cies of Phanerothecium. The copulatory organ 



Figure 15. Cladogram depicting the evolutionary relationships within the Gyrodactylidae (sensu nobis). Slash¬ 
es with numbers refer to postulated evolutionary changes in character states indicated in the text. 
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(the armed epithelium) of viviparous gyrodac- 
tylids is eversible and lies on the superficial sur¬ 
face of the bulb (Fig. 14). 

H. Spines of copulatory organ. Plesiomorphy: 
(0) absent. Apomorphy: (1) present [18, 21]. The 
analysis indicates that not all copulatory spines 
present in ingroup taxa are homologous. The 
spines of Hyperopletes malmbergi appear to be 
homologous to those of the viviparous Gyro- 
dactylidae, whereas the larger spines of Phaner- 
othecium spinatus apparently evolved indepen¬ 
dently. Although we assign a (9) to the 
hypothetical ancestor for this series, because 
presence or absence of spines on the copulatory 
organ may be related to the type of copulatory 
organ present (see Series F), the analysis does not 
exclude the possibility that absence of spines is 
symplesiomorphic for the ingroup taxa. 

I. Accessory piece. Plesiomorphy: (0) present. 
Apomorphy: (1) absent [16]. Although no evi¬ 
dence to support homology other than location 
exists, the accessory sclerites associated with the 
copulatory organ of Nothogyrodactylus species 
are considered to be homologous to the accessory 
piece of other Polyonchoinea based on Hennig’s 
(1966) auxiliary principle of presumed homol¬ 
ogy. If these structures are shown not to be ho¬ 
mologous to the accessory piece, “absence (loss) 
of an accessory piece” would represent another 
synapomorphy for the Gyrodactylidae (sensu 
nobis) and development of the accessory sclerites 
as new structures would provide a synapomor¬ 
phy for Nothogyrodactylus. 

J. Distribution of vitellaria. Plesiomorphy: (0) 
follicles post-and pregermarial. Apomorphies: (1) 
vitellaria primarily postgermarial, with a few sin- 
istral pregermarial follicles present (dextral pre¬ 
germarial follicles absent) [14]; (2) vitelline fol¬ 
licles postgermarial only [20]. The morphology 
of the vitelline collecting ducts corresponds to 
the distribution of the follicles. In ventral view, 
species with the plesiomorphic state depict 
H-shaped collecting ducts, whereas those with 
apomorphic states have reversed h-shaped and 
inverted U-shaped ducts, respectively. 

K. Mehlis’ gland. Plesiomorphy: (0) com¬ 
prised of small unicellular glands. Apomorphies: 

(1) follicular, forming a large mass of cells [6]; 

(2) absent [23]. In a study of the ultrastructure 
of the reproductive system of Gyrodactylus, Krit- 
sky (1971) reported the absence of the Mehlis’ 
gland. This absence is apparently derived and 
linked to development of viviparity and/or ab¬ 
sence of an egg shell surrounding the ovum. 


L. Vagina. Plesiomorphy: (0) present. Apo¬ 
morphy: (1) absent [7]. 

M. Egg cap. Plesiomorphy: (0) absent. Apo¬ 
morphy: (1) present [8]. An amorphous cap is 
present on the egg filament of oviparous ingroup 
species (egg morphology is unknown for Phaner 
othecium caballeroi). This cap is composed of a 
sticky substance that allows fixation of the egg 
or egg cluster to surfaces when laid by the parent 
(Kritsky and Boeger, 1991). 

N. Maximum number of eggs (or embryos) in 
utero. Plesiomorphy: (0) one. Apomorphy: (1) 
more than one [17]. The apomorphic state does 
not include the condition of multiple in utero 
generations of embryos that may occur in vivip¬ 
arous forms. The viviparous taxa did not de¬ 
velop multiple egg production, although in utero 
generational development may represent anoth¬ 
er strategy for increased reproductive potential. 

O. Keel on hook shank. Plesiomorphy: (0) ab¬ 
sent. Apomorphy: (1) present 112, 19]. 

P. Deep bar associated with deep roots of an¬ 
chors. Plesiomorphy: (0) absent. Apomorphy: (1) 
present [9], 

Q. Cup-like accessory sclerite. Plesiomorphy: 
(0) absent. Apomorphy: (1) present [13]. 

R. Sheath-like accessory sclerite. Plesiomor¬ 
phy: (0) absent. Apomorphy: (1) present [ 11 ], 

S. Hook-like accessory sclerite. Plesiomorphy: 
(0) absent. Apomorphy: (1) present [10]. 

Series Q, R, and S indicate the presumed ho¬ 
mology and transformation of the various ac¬ 
cessory sclerites associated with the copulatory 
organs of species of Nothogyrodactylus. In the 
matrix, we assign a (0) to the hypothetical an¬ 
cestor for each series because of our presumption 
of homology of the accessory piece of the out¬ 
groups and other Polyonchoinea and the acces¬ 
sory sclerites present in members of this genus 
(see Series I). 

We initially considered the number and po¬ 
sition of seminal vesicles as potentially useful 
characters for the analysis. Two seminal vesicles 
appear to be symplesiomorphic for the Gyro¬ 
dactylidae (sensu nobis). In outgroup species, 
Pavlovskioides antarcticus Bychowsky, Gusev, 
and Nagibina, 1965, and P. trematomi Dillon 
and Hargis, 1968 (both Tetraonchoididae), 2 
seminal vesicles are depicted by Bychowsky et 
al. (1965) and Dillon and Hargis (1968), respec¬ 
tively. Although Kritsky (1971) reported a single 
seminal vesicle (external) in Gyrodactylus, this 
homologous series did not provide information 
on phylogeny of the ingroup. Loss of the distal 
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seminal vesicle appears to have occurred sec¬ 
ondarily within the Gyrodactylidae (sensu stric- 
to), because species of Accessorius Jara, An, and 
Cone, 1991, apparently members of 1 of the first 
evolutionary lines to diverge within the vivipa¬ 
rous taxon, clearly possess both proximal and 
distal vesicles (see fig. 1 in Jara et al., 1991). 
Therefore, number of seminal vesicles is a con¬ 
stant character that did not provide information 
on the evolutionary history of the ingroup taxa; 
consequently, this series was not used in the anal¬ 
ysis. 

Hyperopletes malmbergi is the only known 
species within the ingroup with the distal seminal 
vesicle within the copulatory sac. As such, this 
feature is an autapomorphy and is also not used 
in the analysis. 

Lastly, a pharynx composed of 2 tandem sub- 
hemispherical bulbs was initially considered a 
synapomorphy for the Gyrodactylidae (sensu 
nobis). Members of the Tetraonchoididae and 
Bothitrematidae possess a pharynx comprised of 
a single bulb (Bychowsky et al., 1965; Dillon and 
Hargis, 1968), and previous reports on species 
of Anoplodiscidae indicated a single bulbed 
pharynx (see Ogawa and Egusa, 1981). We ex¬ 
amined specimens of an unidentified species of 
Anoplodiscus from Pagrus pagrus (Linnaeus) col¬ 
lected off the coasts of Uruguay and Argentina; 
these specimens clearly show a pharynx com¬ 
prised of 2 bulbs, suggesting that this feature is 
symplesiomorphic for the ingroup. Because sub¬ 
sequent evolution of this feature has not occurred 
in any of the ingroup taxa, this character was not 
utilized in the analysis. 

Phylogenetic Analysis 

The cladogram (Cl = 91.7%) depicting the 
phylogenetic relationships of the oviparous gy- 
rodactylids and the ancestor of the viviparous 
species of Gyrodactylidae is presented in Figure 
15. Elimination of the homologous series that 
only indicate monophyly of the ingroup (Series 
A, B, D, E, F, L, M, P, and S) results in the same 
cladogram with a consistency index of 86.7%. 
The analysis failed to identify synapomorphies 
for a taxon containing just the oviparous species 
of the ingroup, and sister-group relationships of 
these taxa suggest that the Ooegyrodactylidae, as 
diagnosed by Harris (1983), is paraphyletic. All 
oviparous genera received phylogenetic support 
except Nothogyrodactylus Kritsky and Boeger, 
1991, which is paraphyletic. 

As a result of the analysis, the Ooegyrodac¬ 


tylidae Harris, 1983, is rejected as a junior syn¬ 
onym of the Gyrodactylidae. The following gen¬ 
era of oviparous gyrodactylideans, and their 
species, are transferred to or placed within the 
Gyrodactylidae along with all viviparous taxa: 
Hyperopletes gen. n. (with H. malmbergi sp. n.); 
Nothogyrodactylus Kritsky and Boeger, 1991 
(with N. clavatus Kritsky and Boeger, 1991, N. 
plaesiophallus Kritsky and Boeger, 1991, and N. 
amazonicus Kritsky and Boeger, 1991); Ooegy- 
rodactylus Harris, 1983 (with O.farlowellae Har¬ 
ris, 1983); and Phanerothecium Kritsky and 
Thatcher, 1977 (with P. caballeroi Kritsky and 
Thatcher, 1977, P. harrisi Kritsky and Boeger, 

1991, P. spinatus sp. n., and P. sp. [=P. caballeroi 
forma major of Kritsky and Thatcher, 1977]). 
Although paraphyletic, Nothogyrodactylus is re¬ 
tained for N. amazonicus, N. clavatus, and N. 
plaesiophallus until additional evidence for or 
against homology of the accessory piece (of out¬ 
groups) and accessory sclerites (of Nothogyro¬ 
dactylus species) is obtained. 

Discussion 

Prior to Harris’ (1983) discovery of the ovip¬ 
arous Ooegyrodactylus farlowellae on a South 
American catfish, the taxon containing the vi¬ 
viparous monogenoideans (the Gyrodactylidae 
sensu stricto) enjoyed a relatively stable accep¬ 
tance and embodiment based on unique syna- 
pomorphic features. Among the most important 
of these characters was the viviparous mode of 
reproduction, which students have previously 
recognized as having developed only once in the 
evolutionary history of the Monogenoidea. 
However, these highly derived features without 
known intermediates in character evolution pre¬ 
cluded consensus on origins, phylogenetic rela¬ 
tionships, and classification of the taxon within 
the Monogenoidea (see Bychowsky, 1937, 1957; 
Price, 1937a, b; Yamaguti, 1963; Llewellyn, 1965; 
Lebedev, 1988; Malmberg, 1990). The recogni¬ 
tion of oviparity in a gyrodactylid-like mono- 
genoidean by Harris (1983) represented a mile¬ 
stone in determining sister-group relationships 
for the taxon (Boeger and Kritsky, 1993). 

Apparently unwilling to challenge the long¬ 
standing diagnostic features of the Gyrodactyli¬ 
dae (sensu stricto), Harris (1983) proposed the 
Ooegyrodactylidae for the oviparous forms. 
Kritsky and Boeger (1991) provisionally accept¬ 
ed the family but indicated that it had a high 
probability for being paraphyletic because fea¬ 
tures used to establish the family “either repre- 
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sent symplesiomorphies of the Gyrodactylidae 
(sensu stricto) (misspelled ‘Gyrodactylidea’ in 
Kritsky and Boeger, 1991) or are primitive char¬ 
acters shared by the Gyrodactylidea and its sister 
taxon, the Dactylogyridea. . . (parentheses, ours) 
p. 14.” Our discoveries of additional genera and 
species of oviparous gyrodactylid-like forms, 
including Nothogyrodactylus Kritsky and Boe¬ 
ger, 1991, allowed the present phylogenetic anal¬ 
ysis to test monophyly of the Ooegyrodactylidae. 
This analysis shows the family to be paraphyletic 
and supports its rejection and the transfer of all 
included genera and species to the Gyrodactyl¬ 
idae. Thus, viviparity developed secondarily 
within the Gyrodactylidae and can no longer be 
used as a definitive diagnostic feature of the fam¬ 
ily. However, we were able to identify several 
synapomorphies supporting the new configura¬ 
tion of the Gyrodactylidae including (a) a mus¬ 
cular copulatory organ (see Series Fj, (b) spike 
sensilla in the head organs (Series B), (c) an un- 
ciliated larva (oncomiracidium absent) (Series D), 
(d) a deep bar associated with the deep roots of 
the anchor pair (Series P), (e) separate genital 
pores (Series E), (f) a massive Mehlis’ gland (Se¬ 
ries K), (g) an amorphous cap on the egg filament 
(Series M), and absence of (h) a vagina (Series L) 
and (i) eyes in the larva and adult (Series A). 

The analysis also suggests that Nothogyrodac¬ 
tylus is paraphyletic. Kritsky and Boeger (1991) 
based the genus primarily on presence of 1 or 
more accessory sclerites associated with the ex¬ 
trusive copulatory organ. In the present analysis, 
the accessory sclerites are assumed to be ho¬ 
mologous to the accessory piece of outgroup taxa 
grounded on Hennig’s auxiliary principle on ho¬ 
mology. As a result of this assumption, presence 
of accessory sclerites is symplesiomorphic and 
does not lend support to presumed congeneric 
status of N. clavatus, N. amazonicus, and N. plae- 
siophallus. Although no synapomorphies were 
dentified for the group of 3 species, N. amazon¬ 
icus is provisionally retained in the genus pend- 
ng further study of character evolution within 
this homologous series. 

Based on their respective positions within the 
cladogram, all other oviparous genera received 
evolutionary support through the analysis. Spe¬ 
cies of Phanerothecium share a single synapo- 
morphy, presence of more than 1 egg in utero 
(Series N). Hyperopletes is the only species with 
the distal seminal vesicle enclosed within the 
copulatory sac (see the character analysis), and 


Ooegyrodactylus has unique features associated 
with the morphology of the egg, egg filament, 
copulatory sac, and wall of the distal seminal 
vesicle (see Kritsky and Boeger, 1991). However, 
conclusive phylogenetic support for Hypero¬ 
pletes and Ooegyrodactylus, both of which are 
monotypic, will depend on discovery of other 
congeneric species. 

The development of viviparity in the Gyro¬ 
dactylidae apparently has had profound effect on 
several characteristics related to structures as¬ 
sociated with the oviparous mode of reproduc¬ 
tion. Apparently unlike all oviparous forms, the 
eggs of viviparous gyrodactylids lack a shell and 
yolk (Kritsky, 1971). While controversy exists 
concerning the function of their products, ab¬ 
sence of the Mehlis’ gland and presence of ap¬ 
parently nonfunctional vitellaria in viviparous 
gyrodactylids may be related to the egg structure 
and/or modified mechanisms to meet embryonic 
nutritional needs. The phylogeny proposed here¬ 
in suggests that these and similar morphological 
and functional characters were lost or modified 
in the ancestor of the viviparous Gyrodactylidae. 

Some features associated with reproductive 
strategy, particularly those associated with pa¬ 
rental care of offspring, appear to have begun 
development early in the evolutionary history of 
the Gyrodactylidae (sensu nobis). In general, eggs 
of other polyonchoineans (including the gyro- 
dactylidean taxa used as outgroups) are main¬ 
tained in utero for a short time before being re¬ 
leased into the environment where they 
embryonate and eclose producing the free-swim¬ 
ming, ciliated oncomiracidium that actively 
searches for an adequate definitive host. Among 
oviparous Gyrodactylidae, accentuated parental 
care of the young has already developed. The 
eggs are stored in utero, where embryonation 
occurs (Harris, 1983; Kritsky and Boeger, 1991). 
The embryonated eggs are then deposited on the 
skin or bony plates of the host where they are 
secured by the sticky egg caps. Hatching occurs 
comparatively quickly, producing young uncil- 
iated ndividuals with a male reproductive sys¬ 
tem at or near maturity. Kritsky and Boeger 
(1991) found that eggs hatched within 6 days 
after expulsion in Phanerothecium harrisi, and 
Harris (1983) indicated that the male system de¬ 
velops rapidly and is functional about 7 days 
posthatching in Ooegyrodactylus farlowellae. Pa¬ 
rental care of the eggs, use of the egg cap for 
attachment of the eggs to the skin or gills of the 
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host, and rapid posthatching development in¬ 
crease probability of survival for the young. 
However, the highest level of parental care for 
the offsprings is seen among the viviparous Gy- 
rodactylidae, where in utero development is pro¬ 
longed until the young individual approaches 
adult form. 
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